ABSTRACT. The ecology of the pea crab Pinnixa tumida living in the endobenthic holothurian Paracaudina chllensis, which buries its body in the fine sandy bottom in the sublittoral zone, was investigated. Almost all of the pea crabs collected from the11 host holothurians were mature females. Mature pea crabs were found to live singly in the alimentary canal of the larger hosts, which are ma~nly dlstributed just below the low water level of the spring tlde. However, immature crabs were not found In either large or small hosts. In the laboratory, mature crabs searched for the tip of the host's tail, which appeared on the sand's surface, and then entered the host's alimentary canal through the opening of the anus at the tail's tip. These results indicate that the pea crab enters larger hosts only when it is mature, or just before maturity. Pea crabs showed 2 types of feeding preference in the laboratory: suspended particles and the mucus secreted In the alimentary canal of the host. Ovigerous females were found in the hosts between late February and mid-May, carrying eggs which developed slo~vly and synchronously with those of almost all of the other ovigerous females observed throughout this period, indicating that the pea crab has an annual breeding cycle. The biology of the pea crab was compared with that of crabs living in bivalves and on irregular echinoids.
INTRODUCTION
The brachyuran family Pinnotheridae (Crustacea) consists of 252 species with various modes of life, i.e. free-living species and species living in bivalves, gastropods, holothurians or tunicates and on echinoids, along with polychaetes or burrowing shrimps, through the whole or a part of their post-larval life (e.g. Wells 1940 , Schmitt et al. 1973 , Sakai 1976 . They are considered to have acquired new life modes through modifications of their own morphology, physiology, reproduction and behavior, and to have been successful in this respect (Bell & Stancyk 1983) . Among the pinnotherid crabs which associate with various types of host organisms, clarification of the symbiotic relationships of these species may be useful for understanding the process of speciation in this group.
Several investigators have studied, ecologically or behaviorally, the relationships between pinnotherid crabs and their hosts, e.g. crabs living in the mantle cavity of bivalves (Atkins 1926 , Stauber 1945 , Christensen & McDermott 1958 , Kruczynski 1975 , the pallial grooves of chitons (Webster 1968) , the burrowtubes of polychaetes (Gray 1961) , or on echinoids (Telford 1978a , b, 1982 , Bell & Stancyk 1983 , Bell 1984 , 1988 . In particular, for the genus Dissodactylus living on sand dollars, phylogenetic relationships have been analyzed on the basis of morphological characters (Griffith 1987) or the morphology of mouth parts and feeding behavior (Telford 1982) . However, the species inhabiting holothurians have hardly been investigated ecologically or behaviorally, except for a brief description by Wells & Wells (1961) .
The pea crab Pinnixa tumida, described by Stimpson (1858) based on females collected at Hakodate in north Japan, has not been studied ecologically except for a report by Yokoya (1928) indicating that the crabs were found in the cloacal cavity of the endobenthic holothurian Paracaudina chilensis and that the female crabs were slightly larger than the males.
In Mutsu Bay in north Japan, host holothurians of this crab live in the fine sandy bottom of the sublittoral zone, where they bury their bodies obliquely (Yamanouchi 1926) . The host reaches a maximum of about 17 cm in length from its mouth to the anus at the tip of its tail (Yamanouchi 1929b ). The mouth is buried about 20 cm below the surface of the sand (Yamanouchi 1926) , and the holothurian feeds on the substratum directly (Yamanouchi 1929a, b) . The tip of the tail, about 5 mm in diameter, reaches the surface of the sandy bottom, and excrement, consisting mainly of fine sand from which the food component has been extracted and seawater used for respiration, is expelled as a jet from the anus (Yamanouchi 1929b) . Typically, on calm days, a conical concavity is formed in the sandy surface above the mouth, and a conical mound is formed at the tail end with the tip of the tail in the center (Yamanouchi 1926) . In general, larger holothurian individuals dominate the shallow bottom just below the spring low tide level, while smaller individuals are distributed in deeper water (Yamanouchi 1926) .
The ecology and behavior of the pinnotherid crab inhabiting this holothurian may provide clues for understanding the diversity of the Pinnotheridae. In the present study, the general ecology of this pea crab was investigated by collection of host holothunans in the field. Moreover, the behavior of the pea crab in entering its host, and also its feeding behavior, were observed in the laboratory and compared with behavior of other pea crabs inhabiting bivalves or echinoids.
MATERIALS AND METHODS
Field survey. Host holothurians were collected at random in the sublittoral fine sandy bottom of Mutsu Bay, inshore Tuchiya, Hiranai, in Aomori Prefecture, northern Japan (40" 54' N, 140' 52' E ) . On each sampling occasion from November 1991 to January 1993, more than 30 individual hosts were dug out carefully from the sandy bottom just below the spring low tide level and immediately put separately into polyethylene bags. In addition, 4 times from 1993 to 1994, on a quarterly basis, the holothurians were collected from deeper sandy bottoms, where smaller individuals predominated.
After the alimentary canal of the host had been cut open in the laboratory, its contents, consisting mainly of fine sand and seawater (which were about 4 times the wet weight of the body after removal of the contents of the alimentary canal), were washed out, the surface of the host was wiped with a towel, and the individual's wet weight was recorded. The contents of the alimentary canal and material excreted into the polyethylene bag during transport and storage were preserved in 70% ethanol. Occasionally the captured holothurian would excrete a pea crab among the fine sand and water before its alimentary canal had been opened. The preserved intestinal contents were passed through a 0.5 mm mesh sieve, and any pea crabs remaining on the sieve were collected under a stereoscopic microscope.
The sex of each pea crab collected was recorded, and the maximum carapace width was measured with a caliper. The developmental stages of the eggs attached to pleopods of ovigerous females were recorded according to a modification of the scheme of Jones (1980) : Stage I, newly deposited eggs with orange yolk present over all the surface; Stage IIa, white tissue cap present in less than half of the surface; Stage IIb, white tissue cap present in more than half of the surface; Stage IIIa, black chromatophores present; Stage IIIb, black chromatophores and eyes present; Stage IV, only egg membrane remaining after hatching of zoea, with some Stage IIIb eggs still present. Eggs were counted, and the diameters of 50 eggs were measured randomly. In addition, the sex of the hosts was recorded based on microscopical observation of the gonad morphology; the female host has orange or red gonads containing spherical oocytes, while the male has yellow gonads not containing obvious spherical structures (Tadokoro & Watanabe 1928) .
Air and seawater temperatures and salinity were recorded at 10:OO h twice a month from November 1991 to January 1993.
Entrance into the host. In order to clarify the process and timing of the entrance of the pea crab into its host, the following observations were carried out. Mature host holothurians were collected in the field and immediately placed and kept in glass vessels without sand. Pea crabs were extracted from host holothurians, and holothurians from which pea crabs had been removed were released into glass vessels (20.5 X 22.5 X 29 cm deep) containing 15 cm sea sand and 5 cm stationary seawater above the sand surface. Hosts usually buried their bodies in the sand about 20 min after release. After 1 d, 1 or 2 pea crabs were released into the vessel, and their movement recorded for 1 s at 1 min intervals with an 8 mm video camera under continuous light conditions at room temperature (10 to 22°C). The process of entrance of the pea crab into its host (which either did or did not already have another crab in its alimentary canal) was observed by playing back the recorded video tapes, and the time of the beginning of insertion of the dactyli of the walking legs of one side and/or the time of the end of entrance of those on the opposite side was also recorded. The durations of the simultaneous stay of 2 pea crabs in a single host were recorded. Vessels which were small relative to the size of the host holothurians were used to restrict the movement of the hosts and to enable the process of crab entrance to be recorded in detail.
In addition, the behavior of pea crabs and hosts was observed in a vessel containing seawater only.
Feeding behavior and feeding habit. To examine the feeding habit of the pea crab, various food sources were provided for the crabs in the glass vessels, either directly or indirectly ('indirect' food was separated from the crab by a 5 mm mesh size net to allow passage of food odor only), and their behavior was observed. The food sources were (1) suspended particles provided just after collection near the shore using plankton nets, (2) living individuals of the bivalve Mactra chinensis, which inhabits the sandy bottom occupied by the host holothurians, or their fresh soft bodies just after dissection, (3) living individuals of the bivalve Mytilus edulis galloprovincialis, which inhabits littoral rocks, or their fresh soft bodies, (4) living individuals of the host holothurians, or their fresh meat, and (5) living individuals of the non-host holothurian Apostichopus japonicus, which inhabits the boulder sea bottom.
RESULTS

Field survey
Air and seawater temperatures were lowest in late February, then increased gradually, and reached their maxima in late August and late September, respectively (Fig. 1 ). Salinities were between 31 and 34%0, except in April and May (Fig. 1) . The low salinity in April and May is thought to be caused by the inflow of melting snow into Mutsu Bay in spring.
Only a single pea crab was found in each inhabited holothurian host. Therefore, the spatial pattern was shown to be uniform by analysis using Morisita's Idindex method (p < 0.01) (Morisita 1959). On average, about 35% of the host holothurians collected from the shallower bottom were inhabited (Fig. 1) . The proportion of hosts inhabited tended to b e higher when female crabs were ovigerous, and lower when only nonovigerous female crabs were found. The ratio of male to female crabs inhabiting hosts was only 0.07 (Table 1) .
The sex ratio of hosts collected from the shallower bottom was near 1.0 ( Table 1) . The frequencies with which male and female hosts were inhabited did not differ significantly (x2-test, p > 0.05) ( Table 1 ). Aug. Sep. Oct.
Nov.
Dec. Jan. The wet weight of host holothurians collected from between the number of eggs in a clutch (y) and the wet the shallower bottom was between 1.94 and 39.49 g, weight (X) of the host in which the ovigerous female with a mean of 22.19 g (Fig. 2) . Hosts inhabited by crab was found ly = 872.4 + 3.59x, n = 37, r = 0.0382, widely among ovigerous females, it showed a weak tendency to increase with increasing carapace width (X) ( Fig Pea crabs inhabiting hosts collected from the shallower bottom showed no seasonal change in their carapace width (Fig. 3) , which was between 9.8 and 10.5 mm for males and between 9.9 and 12.1 mm for females. Female crabs tended to be slightly larger than female crabs had Stage I eggs on their pleopods, and the remainder carried Stage IIa eggs (Fig. 5) . In April and May, all female crabs bore eggs (Figs. 1 & 3) , although there were some individuals carrying only a small number of eggs (Fig. 4) . About 80 % of the female crabs collected in had Stage IIa eggs, while 70% of the crabs collected in May had Stage IIIa or IIIb eggs (Fig. 5 ). In addition, 1 female crab collected in May carried a few eggs at Stage IIIb and a large number of egg membranes left behind after the hatching of zoea, suggesting that the zoeae had been released into the alimentary canal of their host. In mid-June, 5 of 12 female crabs had a few undeveloped eggs on their pleopods. Egg diameter increased gradually with the progress of egg development, and the number of eggs tended to decrease (Table 2 ). In the 62 hosts collected at quarterly samplings from the deeper bottom, where smaller hosts predominated, only 4 crabs were found (Fig. 6 ) and these appeared in the larger hosts collected at the later samplings. Therefore, wet weights of hosts containing a pea crab were similar, regardless of whether they had been collected from the bottom in deeper or shallower water In addition, carapace widths of pea crabs collected from the deeper bottom corresponded to those of crabs collected from the shallower bottom (Figs. 3 & 6) .
Entrance into the host
Pea crabs entered the host holothurians via the following process. Each crab searched for its host while moving on or, rarely, beneath the sand surface. The crab easily located the tip of the host's tail protruding from the sand's surface. If 2 crabs reached a single tip simultaneously, they fought near the tail, and one of them left. After reaching the tail's tip, the crab immediately or soon entered the sand alongside the tail (Fig ?A) , or grabbed the tail's tip with its chelipeds and walking legs (Fig. 7B) The entrance began on the sand's surface or in the sand beneath the surface.
The crab frequently touched and/or clutched the tail using its chelipeds and walking legs in the sand and/or on the sand's surface. Occasionally the host extended its own tail tip farther above the sand's surface At this time, the crab held on to the tail with its chelipeds and legs, and then drew the tip towards itself. Thereafter the crab put the dactyli of its walking legs on one side into the anus, opening the tip of the tail while holding on to the tail with the contralateral cheliped and legs. Subsequently the crab inserted its body forcibly and slowly with its walking legs and cheliped into the anus, gripping the inner surface of the cloaca with its inserted dactyli. In many cases, the crab kept its carapace and contralateral walking legs or only the contralateral walking legs buried in the sand, with the result that the tail of the host was bent into a n inverse U-shape (Fig. ?C) . The buried legs appeared to anchor the pea crab's body, thus enabling it to draw Fig. 4 P~n n~x a tumida. Relationship between the carapace width of ovigerous female pea crabs and the number of eggs carried the host's tail towards itself and to insert its legs into the host's anus. The crab then inserted its carapace into the anus, which is normally smaller than the crab, and the host extended its tail (Fig. ?D) , sometimes waving it. The crab extended its walking legs and/or remaining cheliped and began to enter the cloaca through the anus (Fig. ?E) , and then moved smoothly to the cloaca after entirely entering the anus (Fig. ?F) . The entrance process was observed only fragmentarily when the host buried its body entirely in the sand. The fragmentary observations did not differ widely from those of entrance on the sand's surface, indicating that the processes of entrance are basically similar both on and in the sand.
Host holothurians resisted the entrance of pea crabs by pulling the tail into the sand or pushing the tail further out into the water before and during the entrance procedure. Sometimes, the host waved its tail as the crab was entering its anus, thereby shaking off the crab.
Host holothurians entered by the pea crab sometimes shed seawater containing blood from the anus. In rare cases, a holothurian exited from the sand and died. In such cases, the crab came out of the alimentary canal of the host before the host died.
Pea crabs did not enter the host in vessels without sand, i.e. when the host was unburied. In such cases, the pea crab tried to enter the anus or the mouth, but the host moved about when the pea crab touched its body and/or inserted the dactyli of the walking legs, and entrance was never accomplished.
The pea crab entered hosts which either did or did not already have another crab in the alimentary canal (Table 3) . When a pea crab entered a host holothurian without another crab in the alimentary canal, the time taken from the beginning of insertion of the dactyli of unilateral walking legs to the end of insertion of those on the opposite side tended to be longer for the female crabs, which have a larger carapace width than male crabs (Table 3 ). This tendency was also evident when the host already had another pea crab in its canal, although the duration of entrance tended to be shorter than that for hosts without a crab.
In several cases, the duration of the stay of 2 pea crabs in 1 host was shorter than 1.5 h (Table 4 ) , suggesting that the pea crab solitarily inhabits its host. When both a male and a female crab had entered the same holothurian, the male crab was the crab which exited the host, regardless of whether it had entered before or after the female crab. <39 mind 2 h 6 min-3 h 3 mind dBeg~nnlng of insertion of the walking legs on one slde, and/or the end of insertion of the thoraclc legs on the remaining slde. was carried out in the sand, and therefore the exact time could not b e determined Feeding behavior and feeding habit When suspended particles which had been collected using plankton nets were supplied, the pea crab extended its second and third maxillipeds, spread out the well-developed feathery setae of the maxillipeds into a wide, spoon-shaped net, fanned them, and caught the suspended particles. The crab used its mouth parts to select the particles, and then fed on them (Table 5) .
When fresh meat of host holothurians was suppl~ed directly, feeding behavior of the pea crab was observed; the pea crab approached the meat, and then rubbed its body against the surface of the alimentary canal of the meat. Thereafter, it was observed that the mucus from the holothurian's body became attached to the crab's body, especially the carapace and the thoracic legs, which bear feather-like hairs. The crab scraped and collected the mucus on its walking legs and carapace using its chelipeds and walking legs, and subsequently ate the mucus after selection using its mouth parts. In addition, when the meat was supplied 'indirectly' (i.e. meat and crab were separated by the 5 mm mesh size net), the crab acted out its scraping and collecting movements, despite the absence of mucus on its body. From these observations, the feeding process of the crab was divided into 3 categories:
(1) behavior for attaching mucus to its body by rubbing against the meat, (2) behavior for scraping and/or collecting mucus using the thoracic legs, regardless of the presence or absence of mucus on its body, presumably in response to odor cues, and (3) behavior for selecting thurian Theelothuria princeps on Florida, U S A , the collected mucus and then feeding on it (Table 5) .
beaches. They collected several juvenile crabs from When the living host holothurian was supplied the anterior part of the digestive system of their host directly, the pea crab tried to enter the host, but feedand assumed that the crab enters at the juvenile stage. ing behavior was never observed. When another living However, they did not refer to how the pea crab enters holothurian, Apostichopus japonicus, was supplied, its host. the pea crab persistently clutched the holothurian with its walking legs, as if trying to enter it (Table 5) but did not enter.
Feeding habit The pea crab was entirely indifferent to the 2 species of living bivalves supplied and their fresh meat, and Laboratory observations suggested that the pea crab did not approach them (Table 5) .
feeds on suspended materials using the feathery setae of its maxillipeds while it lives freely outside the host holothurian, and feeds on the mucus secreted in the DISCUSSION alimentary canal of the host when it lives inside the host's body (Table 5) . It was also observed that, immeEntrance diately after removal from the host's alimentary canal, crabs had attached mucus on their body, which was Carapace widths of female crabs inhabiting host later eaten. Moreover, the crabs had no particles, such holothurians remained unchanged throughout the as fine sand, silt and clay, in their intestines, although investigation, including the ovigerous period (Fig. 3) . a large part of the alimentary canal of the host was In addition, female crabs smaller than those of the crammed with fine sand and seawater (authors' pers. mature size were never found in hosts collected from obs.). These observations support the contention that either shallower or deeper bottoms (Figs. 3 & 6) . These the crabs usually feed on the mucus of the alimentary results suggest that the female crab of this species is canal while inhabiting their host. In addition, the 2 already mature when it enters its host, or matures just feeding habits of this pea crab appear to support the after entering. In fact, it was observed that only mature above assumption that the female crabs enter their pea crabs (male or female) entered the host alimentary hosts just before and/or after maturation. canal via the anus (Fig. 7) .
Some species of pinnotherid crabs inhabiting the The male crab, which is smaller than the female crab mantle cavity of host bivalves feed on the food strings (Fig. 3) , although sexual dimorphism is not remarkof the host, which are formed by mucus secreted from able, was able to enter the host in a shorter time than the gills and suspended particles captured by the gills the female (Table 3) . This means that the smaller (Coupin 1894 , Orton 1921 , Stauber 1945 , MacGinitie & immature female crab would be able to enter the host, MacGinitie 1949 , Pearce 1966a , Kruczynski 1975 . In suggesting that the timing of entrance into the host is addition, the pea crab Opisthopus transversus inhabitdecided individually rather than by the host.
ing the pallial grooves of the chiton Cryptochiton stel Wells & Wells (1961) mucus surrounding the crab's body (Webster 1968) . may facultatively associate with the host holothurians, This mucus feeding habit may be common to all pinunlike those species living in host bivalves and on host notherid crabs.
echinoids. The species of pinnotherid crabs which live in bivalves adapt their life history and feeding habit to their hosts (Atkins 1926 , 1955 , Christensen 1958 Relationship between the pea crab and its host Christensen & McDermott 1958 , Pearce 1966a , Jones 1977a . Crabs of the genus Dissodactylus settle on
In the laboratory, several host holothurians entered their hosts (irregular echinoids) at an early stage of by a crab sometimes bled from their anus, came out of post-larval life, and depend on their hosts as a food the sand and, on very rare occasions, died on the sand source (Telford 1982 , Bell & Stancyk 1983 . On the surface. In the field, hosts that had emerged on the other hand, Pinnlxa tumida enters its host holothurians sand surface were also observed occasionally. Field after or just before maturity, and shows 2 different surveys conducted on the shallower bottom, where feeding habits depending on its position outside or larger hosts predominated, showed that the wet within the alimentary canal of the host. Thus, pea crabs weight of hosts bearing a female crab in their alimen-tary canal tended to be lower than those without a crab or with a male crab (Fig. 2) . On the other hand, hosts with a lower wet weight, which were collected from the deeper bottom, did not contain pea crabs (Figs. 2 & 6) . These results suggest that the female crab damages the host, and/or delays its growth. The females of Pinnotheres ostreum, which as juveniles enter the mantle cavity of oysters, affect the respiratory and feeding activity of their hosts by eroding part of the gill (Stauber 1945) and delaying the host's growth (Christensen & McDermott 1958) . Pinnotheresmodiolicola also decreases the weight of its host (Lopez 1982) , and females of Pinnotheres pholadis reduce the size of their host's gonad (Yoo & Kajihara 1985) . These reports appear to support the above contention that the females of Pinnixa tumida also delay the growth of their hosts.
This pea crab solitarily inhabited each large host holothurian in the field. The solitary presence of the symbiont in the host organism is due to interaction among conspecifics, i.e. competition for hosts as a living space and/or food source (Bell 1988) . When the crab entered a host already bearing another crab in its alimentary canal, 1 of the 2 crabs exited the host in a short time (Table 4 ) . In addition, it was observed that when 2 crabs approached the same tail tip they fought, suggesting that similar competition occurs between the 2 crabs in the alimentary canal of the host. These laboratory observations may explain the solitary occurrence of this species in the field.
Almost all of the pea crabs collected from their host holothurians were females (Table 3) . Pinnaxodes floridensis, which inhabits another species of holothurian, showed the same skewed sex ratio (Wells & Wells 1961) . It was assumed that the difference in the sex ratio is caused by the wandering of male crabs from host to host in search of female crabs, and the high mortality of male crabs that occurs during their search for host holothurians. The male crab of the present species, Pjnnixa tumida, may also wander from host to host in search of female crabs, and thus may stay a relatively shorter time in each host it enters. This is consistent with the fact that the weight of hosts did not differ between those bearing a male crab and those without a crab, in contrast to hosts bearing a female crab (Fig. 2) . In addition, it was frequently observed that the female pea crab left weakened hosts which had come out of the sand. This observation suggests that female crabs also transfer repeatedly to another host once the original host has become weakened.
Reproduction
Ovulation of this pea crab was considered to occur in February, when the seawater temperature is at its lowest (Fig. l) , since ovigerous females appeared in late February 1992, and still had not appeared or reappeared by mid-January 1993 (Fig. l ) , and the eggs attached to their pleopods were at an early developmental stage in late February 1992 (Fig. 5) . Only 1 female crab releasing zoeae was collected in mid-May (Fig. 5) . Nevertheless, half of the ovigerous females had Stage IIb and l1Ia eggs, simultaneously. In midJune, 5 of 12 female crabs had only a few undeveloped eggs on their pleopods. These findings indicate that release of zoeae from this pea crab generally occurred in early June. That is, the ovigerous period of this pea crab was considered to last about 3.5 mo, from midFebruary to early June.
The water temperature during the ovigerous penod was between 2 and 16"C, averaging about 10°C (Fig. 1) . During this period, the eggs attached to pleopods developed slowly and synchronously in almost all of the ovigerous females (Fig. 5) , showing that this pea crab has a breeding cycle with an ovigerous period of about 3.5 mo yr-', although the numbers of eggs borne by each female varied widely (Fig. 4) . The ovigerous period estimated in this study coincides with that of Telmessus acutidens (Atelecyclidae; Brachyura), which carries eggs within the same range of seawater temperature for about 4 mo, and is in accord with the contention that the ovigerous periods of brachyura are related roughly to the water temperature (Okamoto 1991).
Clutch size of Pinnixa tumida with carapace widths of between 10 and 11.65 mm varied widely between 93 and 1846 eggs (Fig. 4, Table 6 ). In crabs of the genus Dissodactylus living on irregular echinoids, clutch sizes are smaller; this may be due to the fact that their body size is smaller than that of P, tumida. On the other hand, pinnotherid crabs living in bivalves have a larger clutch size, but the size of their eggs does not differ significantly from that of P. tumida. Part of the egg clutches of these crabs protrude from the coverage of the abdomen (Silas & Alagarswami 1967 , Jones 1977a . In contrast, the ovigerous females of Dissodactylus mellitae completely cover their clutches, and clutch size is limited by the extent of abdominal coverage provided to protect the eggs from being injured by echinoid spines (Bell & Stancyk 1983) . The clutch of P. tumida was also completely covered by the abdomen. The small clutch size may be related to the internal condition of the alimentary canal of the host, which contains fine sand, since any protruding eggs might be removed by the sand during transfer in the alimentary canal.
Pea crabs inhabiting the mantle cavity of bivalves after entering at the juvenile stage adapt their mode of life throughout their whole life span, and continue to weakly damage their hosts during their period of habitation. On the other hand, Pinnixa tumida enters its host holothurian after maturity or just before maturity. The pea crabs, especially females, are considered to damage the host and to transfer repeatedly from damaged and weakened hosts to new hosts. The association between P. tumida and its host may therefore b e undeveloped in comparison with those of pea crabs inhabiting bivalves and their hosts. Pjnnixa tumida uses 2 different feeding habits, depending on its position outside or within the alimentary canal of the host, suggesting that the pea crab acquires a mucus feeding habit secondary to a suspension feeding habit. In addition, other pea crabs inhabiting bivalves feed on the mucus secreted from the gills of their hosts, which contains suspended particles captured by the gills. The acquisition of a mucus feeding habit by pinnotherid crabs may further be associated with various types of host organism, and subsequently speciation in this group.
